observed that planet-host stars with low-metallicity tend to bear several low-mass planets (< M J ) instead of a massive gas-giant planet.
Introduction
Since the first discovery of exoplanet around a normal star, 51 Peg b (Mayor and Queloz 1995) , more than 500 exoplanets have been discovered. From the sufficient samples of planetary systems, the abundance studies for planet-host stars have been inspired to investigate the differences of elemental abundances between stars with and without exoplanets. At first, Gonzalez (1998) have suggested that planet-host stars tend to be metal-rich from spectral analysis of 8 planet-host stars, and the other studies confirmed that planet-host stars are metal-rich relative to normal field stars in the solar neighborhood (Gonzalez et al. 2001; Santos et al. 2001 Santos et al. , 2003 Bodaghee et al. 2003; Laws et al. 2003; Santos et al. 2004 Santos et al. , 2005 Bond et al. 2006; Ecuvillon et al. 2007; Sousa et al. 2008) . The studies using a large number of samples revealed that the probability of finding a exoplanet was exponentially increasing with increasing metallicity Johnson et al. 2010) . Despite the efforts to find the abundance differences for each element other than iron, however, most studies found no systematic difference of abundance for α-elements between stars with and without exoplanet, except some studies (Bodaghee et al. 2003; Gilli et al. 2006; Robinson et al. 2006 ) that suggested the potential differences between two groups for some elements (e.g. Mg, Al, Si, Mn, V, Co, and Ni).
In most cases of elemental abundance studies, however, the samples were simply divided into two groups of stars with and without exoplanets. Most stars without known exoplanets have not been thoroughly examined for sufficient period. Even if the stars had been observed for long period, it would be still possible that those stars may have several planets whose masses are less than observational limit. Considering this incompleteness of samples with or without exoplanets, it should be inevitable that the reliability of statistical Nevertheless, it is worthwhile to investigate the relation between chemical abundance of host star and planet properties in the samples of planet hosts. The number of low-mass exoplanets such as Neptunian planets are continuously increasing by more precise observation (Melo et al. 2007; Rivera et al. 2005; McArthur et al. 2004; Vogt et al. 2005) .
The exoplanets in the wide range of their mass, therefore, makes it possible to examine the relation between planetary mass and chemical abundance of host star. In this respect, Sousa et al. (2008) have suggested that the detectability of Neptune-class planets may become higher in stars with low metallicity. It implies that the low-mass planets may be formed by a different process of planet formation from massive gas-giant planets, and suggests the probability that there is a relation between planetary mass and metallicity of host star.
On the other hand, in the core accretion scenario of planet formation, the amount of metals are important to the formation of not only terrestrial planets but gas-giant planets which require a lot of planetesimals for their core formation. The relation between metallicity of host stars and planet detectability have been presented in the abundance study of the uniform samples (Santos et al. 2004; Santos et al. 2005; Sousa et al. 2008; Johnson et al. 2010) and supported by the theoretical study using core-accretion model (Ida & Lin 2004) . But there would be many other elements related with the process of planet formation. For example, the elements of Mg, Al, Si, Ca, and Ni are fairly abundant in the solar system relative to the amount of iron which represents the metallicity of planetary system. The Mg, Al, Si, and Ca are, especially, major elements for the condensation process in high temperature (Lodders 2003) as well as show different trend of [X/H] from metallicity in low-metallicity stars via the galactic chemical evolution.
Therefore, it is likely that these elements are related with the process of planet formation -5 -and it is useful to investigate the relation between planets and abundances of their host stars with low metallicity.
As mentioned above, stars without planets merely mean that they have no massive planets with short orbital period, because of the limit of detection method and observational time. Hence, we have focused on the samples of planet-host stars and properties of their planets that have been already well-confirmed, for example, hot Jupiters. In addition to this, if certain elements helped form planets in their formation process, their effect would be easily observed in the metal-poor stars because the circumstance of insufficient metals provided the poor conditions to form planets in core accretion scenario. And the chemical abundances of especially α-elements such as Mg, Al, Si, and Ca, are more enhanced relative to the metallicity in low-metallicity stars. It can be, therefore, possible that detailed abundance analysis for low-metallicity stars gives a clue of condensation process in the planetesimal formation.
To achieve the goal in this study, we present the abundances of the 12 elements, Na, Mg, Al, Si, Ca, Sc, Ti, V, Cr, Mn, Co, and Ni for planet-host stars and stars without known exoplanets which are within 20 pc from the Sun, and the relation between the abundances of host stars and the properties of their plants. In Sect. 2, we introduce the samples and observations, and in Sect. 3 we present the abundance analysis method. In Sect. 4, we compare the abundances of host stars with the properties of planets around those host stars, and in Sect. 5, we discuss the difference of abundance results and evaluate the probability that the abundances of two groups are the same distribution using statistical test. The G-type stars among Planet-Host Stars (PHSs) were gathered from several exoplanet references (Butler et al. 2006 ; http://exoplanet.eu 2009). Some controversial objects (HD 24040, HD 33636, and HD 137510) are excluded in the list of PHS and regarded as the comparison targets. We have constrained the PHS samples to the G-type stars with δ > −10
• and V < 9.0, in the conditions that can be observable and bright enough to obtain high S/N ratio spectra with 1.8 m telescope at BOAO (Bohyunsan Optical Astronomy Observatory). The comparison stars with no known planets were adopted from
The Tycho-2 Spectral Type Catalog (Wright et al. 2003) . These comparison stars also have δ > −10 • and V < 9.0 in the solar-neighborhood G-type stars within the distance of 20 pc from the Sun. For this abundance study, we have presented the results of 34 PHSs and 18
comparison stars in the list of G-type stars.
Observations and Data Reduction
The observations were carried out with the 1.8 m telescope at BOAO on 2008 and
2009. All spectra were obtained with BOES (BOAO Echelle Spectrograph) using 200 or 300 µm fiber. The observed spectra have a spectral resolution, R ∼ either about 30,000 (using 300µm fiber) or 45,000 (using 200 µm fiber), and S/N ratios of higher than 150 at 6070Å.
The wavelength range of the spectra is from 3800Å to 8800Å, covering full optical region.
The observational log and basic data of 52 targets are listed in Table 1 . In this table, the column 2 to 4 show observation date, exposure time (sec) and signal-to-noise ratio at 6070
A. The column 5 shows the radial velocity which was estimated by the difference between -7 -the observed and rest-frame wavelength of spectral lines in this study. And the column from 6 to 9 represent the stellar parameters determined by fine analysis which is explained in Sect. 3. The column 10 indicates the spectral types of samples adopted from SIMBAD.
-8 - The reduction for observed spectra was carried out with IRAF echelle package to produce the spectra for each order of echelle spectrum. The echelle aperture tracing was performed using the master flat image which is combined with all the flat images. After aperture tracing, the flat, comparison, and object spectra was extracted from each image, with the same aperture reference of master flat image. In the flat-fielding process, the interference fringes and pixel-to-pixel variations of spectra were corrected. The wavelength calibration was performed with the ThAr lamp spectrum and the spectra of objects were normalized in each aperture using continuum task.
Spectroscopic Analysis

Measurement of Equivalent Widths and Radial Velocity
For the elemental abundances of stellar atmosphere, we use the method to measure the equivalent widths (EWs) of the relevant atomic lines. The measurement of EWs was carried out using the TAME (Tools for Automatic Measurement of Equivalent-widths) program, that we have developed for the abundance analysis with GUI interface. In order to run the TAME , the spectra, the line list, and the parameter file are required. The TAME program is running in three steps:
(1) the TAME determines the local continuum of the spectrum in the wavelength range near the target line of the line list. The range to determine the local continuum is able to be adjusted. (2) For abundance analysis, the spectral lines of 12 elements (Na, Mg, Al, Si, Ca, Sc, Ti, V, Cr, Mn, Co, Ni) were referred from Bond et al. (2006) and Gilli et al. (2006) . And in order -12 -to determine parameters of model atmosphere, the Fe lines are adopted from Allende Prieto & Garcia Lopez (1998) and VALD (Piskunov et al. 1995; Kupka et al. 1999) . For accurate estimation of abundances, these Fe lines have been examined using the solar spectrum obtained with BOES and we have selected the reliable lines that were not severely blended with nearby lines and were neither too strong nor too weak. And the value of oscillator strength (log gf value) for each line was modified to the most recent value from VALD.
The TAME also estimates the center wavelength and FWHM of the target line. We calculated the radial velocities from the center wavelength of the fitting profile. For each star, the number of the lines which were used for the measurements is about 260 and the standard deviation within those lines is about 0.40 km s −1 . The radial velocities are listed in the column 5 of Table 1 . We compared these results with other studies for the radial velocity (Wilson 1953; Nordström et al. 2004; in Figure 2 , which shows a good agreement. The radial velocities of HD 17156 and BD+20 518 have been newly determined in this study, and HD 13974 is found to be a spectroscopic binary (Halbwachs et al. 2003) .
Model Atmosphere
We constructed the model atmosphere for each star using a model grid of Kurucz ATLAS9 without overshooting mode and with new opacity distribution functions (NEWODFs) (Kurucz 1993; Castelli & Kurucz 2004) . The atmospheric parameters of Kurucz model atmosphere were determined by a self-consistent fine analysis, using the = 7.53 ± 0.02 dex was obtained as shown in Figure 3 . This value has good agreement with the solar Fe abundance of log ǫ(Fe) = 7.50 dex in Grevesse & Sauval (1998) .
In this uniform way, the atmospheric parameters and Fe abundance for 52 stars were determined. We compared these atmospheric parameters determined by fine analysis with those of other studies (Cayrel et al. 2001; Gilli et al. 2006 ). The differences of atmospheric parameters between this work and all references are about 48±70 K in T eff , 0.03±0.14 dex in log g, and 0.05±0.05 dex in [Fe/H]. As shown in Figure 4 , these parameters have a good agreement with those of three references.
Abundance Analysis and Uncertainties
We determined the elemental abundances by LTE (local thermodynamic equilibrium) analysis relative to the solar abundances. After measuring the EWs of spectral lines for Using the abundances of the Sun and 52 sample stars, we determined the differential abundances by comparing the abundances of 52 stars with those of the Sun.
In this case, because the abundance was mainly determined by the measurement of EW, the systematic error could come from the measurement of EW. By comparing the line profile of spectrum with either Gaussian or Voigt profile, we excluded the EWs of lines that -15 -were severely blended with some unknown lines. And the local continuum level is another culprit for the error of EW measurement, so we also excluded the lines that were located in the crowded region which was difficult to determine local continuum in the spectrum.
Systematic errors can also arise from the uncertainty of stellar parameters in use to make atmosphere model. If the parameters for model atmosphere were not correct, the unexpected errors of abundances could be occurred. Since this error was combined with EW measurement errors, it is hard to define separately but can be predicted through the variation of model parameters. Hence, we have examined the sensitivity of abundances on the model parameters. The stellar parameters of model atmosphere were changed by the amount of 100 K for T eff , 0.3 dex for [Fe/H], 0.3 dex for log g, and 0.3 km s −1 for microturbulence(ξ t ). The abundance sensitivities for changing the parameters of model atmosphere are displayed in Table 2 . The sample stars were selected in order that a testing parameter was gradually changed and simultaneously other parameters varied as small as possible. Table 2 shows that most elements are insensitive to varying the stellar parameters within 0.13 dex. The abundances of Sc II and Ti II are the most sensitive to surface gravity because these elements are almost singly ionized around temperature of the solar atmosphere, to become these ionized lines are sensitive to gravity due to H − continuum opacity which is related with electron pressure. The largest variation of Sc II and Ti II abundance is, however, only about 0.13 dex with varying in 0.3 dex of log g. We estimated the uncertainties for effective temperature and micro-turbulence by probing the slope of Fe abundances for excitation potentials and EWs, and the uncertainty for surface gravity was adopted from exploring the abundance difference between Fe I and Fe II. The uncertainties are listed in Table 1 with stellar parameters. Considering that the uncertainty of log g which is the most sensitive to abundances is within 0.15 dex (in Figure 4) , this abundance error which comes from the uncertainties for stellar parameters can be acceptable. with those of all references. The mean differences for effective temperature, surface gravity, and metallicity are less than 100 K, 0.1 dex, and 0.05 dex, respectively.
-17 - difference of abundances between thick and thin galactic disk stars. We will discuss about the probability that these stars belong to the Galactic thick disk in Sect. 6.
V, Cr, and Mn abundances
The trend of V, Cr, and Mn abundances in Figure 7 seems different from those of α-elements. (Bodaghee et al. 2003; Zhao et al. 2002) . This may imply that Mn element could be somehow related with the process of planet formation.
Co and Ni abundances
The 
Comparison of the Abundances with the Reference
To test how reliable these results are, we compared these abundances with the results adopted from Gilli et al. (2006, hereafter G06) . There are the 19 same samples with G06
and Figure The Mn abundance in this work shows a large scatter with those of G06 relative to the other elements. Since Mn I lines have a hyperfine structure, these scatters should be examined in detail using hyperfine structure analysis.
Discussion
Abundance Differences between PHSs and Comparisons
We have taken the two groups of samples, PHSs and comparison stars (non-planet host stars). So the average of abundance was compared between two groups for only dwarf samples, in order to eliminate the effects due to convection near the surface. In Table 3 for Earth-class exoplanets, because previous studies of elemental abundances related with planet-host stars have suggested that it is more feasible to find these low-mass planets in the low-metallicity stars (Udry et al. 2006; Sousa et al. 2008) . In Figure 7 , we have already 
Kolmogorov-Smirnov Test
In order to evaluate the probability that abundances of two groups have the same distribution, Kolmogorov-Smirnov test (K-S test) was performed between two groups of PHSs and comparison stars. Since the K-S test is available to investigate the difference of Figure 9 . In Figure 9 , the x-axis is [Fe/H] or [X/Fe] of elemental abundances and the y-axis is cumulative fraction of samples. The value of P ROB represents the significance level of the K-S statistics as the probability that two distributions belong to the same population. The small P ROB value means that the two groups of data have different distribution from each other.
For metallicity distribution, the probability that the 
Concluding Remark
We have carried out abundance analysis for 12 elements in the samples of 34 PHSs and 18 comparison stars of only G-type stars. Since it would be expected that the differences of abundances among samples was small as about 0.1 dex, we concentrated on minimizing the systematic errors. We limited the samples to G-type stars that were similar to the Sun, and the entire processes of abundance analysis were restrictively performed in the uniform way.
Using the abundances and planet properties of PHSs, such as planet mass and semi-major In previous studies, the authors have made every effort to investigate the statistical difference of abundances only between PHSs and normal field stars in whole range of metallicity. The chemical anomalies of PHSs, however, would be noticeable in the stars with low metallicity, because the total amount of metal was insufficient so that those planets were in a hard situation to be formed. In Figure 6 , Furthermore, the condensation temperature of Mn is relatively lower than other elements. Then, in the processes of planet formation, the Mn elements would be condensed later than other elements, where the dust ball had been already formed and planetesimals began to form. Therefore, after the compounds of Ca, Ti, Mg, Al, Si elements were firstly formed, the Mn element was condensed into their compounds so that, even though the amount was tiny, we might guess that Mn element played a critical role for condensation -31 -process in this stage like a enzyme in chemical reactions.
In the future, we plan to perform abundance analysis for other elements than refractory and extend the samples to F and K type stars. Thus, we expect to follow up a clue for the presence of exoplanets using other elements, and more sample stars. The value of P ROB shows the significance level of the K-S statistics, and in the case of smaller P ROB value, the two data sets would have more different distribution each other. 
